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ABSTRACT
ABSTRACT 1577 ¢
Tne Initial months of Diet Project NASW-517 have
been devoted to organizing and speclal training of
staff, acquisition of nmaterials and specialized zqgulp-
ment, and carrying out a ceries of preliminary experi-

ments. The necessary personnel have been hired and
trained in the requisifte fechniques to handle problems
assoclated with contract commitrients. The required

dlet ingredients have been purchased and are currently
being evaluated in terms of thelr purity and sultability
for incorporation into diets. PFlnally, orders have been
placed for Instrumentation, equlipment and animals that
wlll be needed for the contemplated experimental program.

Critical evaluation of liquid chemically defined
diefs as presently constltuted reveals the limitations
of present formulations and the need to reformulate a
number of new dilet preparations for the purpose of
achleving the following results:

greater palatabllity

greater resistance to oxidation

elimination of browning reaction

greater stablility to environmental exposure and
storage conditions.

220 0P

Rat bloassays have been devised and willl be used to
ascertaln the effects of replacement of specific diet
constituents with both biochemically and organoleptically
more compatible ingredients. Two materlals which aprear
to require modification are D-glucose, because of 1ts
contribution to browning and L-methionlne because ci 1t:s
undeslrable effects on flavor.

Preliminary study has been undertaken to determine
whether changling the form of the diet from liquid to a
gel form can be satilisfactorlly achileved under conditions
compatible with the diet ingredients.

Finally, in order to accelerate and simplify the
assay procedure for determining the D-l1somer present in
I~amino acids, a microtechnique involving the use of
Conway cells has been developed employing a D~-amino
acld oxldase.
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Following the results of taste panel analysis of
the organoleptic properties of Greenstein Diet No. 1106,
the general consensus is that the diets in their present
form are characterized by a general bitter quality super-
Imposed on an underlyling sweetness and that improvement

is necessary for long-term use by humans.

Modification of the ratios of non-essential amino
aclds offers opportunities for better flavor balance.
As an example, the presence of monosodium glutamate in
the dilet alfords the possibility of utilizing it as a
flavor base to which other flavors can be added to accen-
tuate the desirable organoleptic properties of the diect.
In this connection, the flavoring contribution of small
amounts of 5'-inosinic and 5'-guanylic acids are being
studied. These compounds have been reported to add appro-
clably to food acceptability when used in relatively low
concentration, 0.01%-0.03%, in presence of monosodium
glutamate.

The taste panel also identified L-methionine as the
most objectionable diet ingredient by means of a single
component evaluation.

An additilonal drawback of the preliminary formula-
tlon tested (Greenstein Diet No. 116) is the large amount
of D-glucose (40% of total solids) present. This recults
in excessive sweetness which appears to be accentuated by
the monosodium glutamate present. As a possible replace-
ment for the D-glucose, at least in part, attention is
being directed toward the use of dextran since this mat-
erial 1s water soluble, tasteless, of defined molecular
weight and capable of ylelding D-glucose on digestion.

It 1s also anticlpated that sorbitol may be used to com-
plement the action of dextran inasmuch as it, too, is
water soluble, has a pleasant taste, 1s non-reducing ard
is consumed via the same pathway by whlch D-glucose is
metabolized.

In order to overcome the flavor of L-methilonine the
initial efforts are being made to replace this amino acid
wlth one of 1ts metabolic intermediates, namely, homo-
cysteine, inasmuch as the biological utilization of
I-methionine involves the formation of this compound.

To compensate for the absence of L-methlonine methyl
groups% it 1s planned to lncrease the level of chollne
a

and vitamin Bio.
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The 1initial animal experliments therefore will be
directed to assessing whether homocysteine and/or dex-
tran can be substituted to advantage 1n dlet formula-
tions. The success of these two modifications is ex-
pected to simplify the job of Improving diet flavor.
This view 1s consldered to be valld inasmuch as all
of the other amlno acids are either saline, sweet or
only slightly bitter.

Replacement of all or part of the glucose by dex-
tran or sorbitol is considered desirable, also, as a
means of eliminating the browning reaction which has
been shown to occur when the dlets are heated: most
probably the result of interaction between amino aclds
and the reducling groups of glucose. Though inhilbitors
of this reactlon are known, it is considered preferable
to avold thelr use, 1f possible.

- Another aspect of the problem being studled 1s the
posslbllity of changling the consistency of the diet, as
for example, producing gelled forms which would be more
convenlent to handle and would provide some varlety of
eating sensation more akin to solld food or candy. To
this end we have demonstrated that thermally stable gels
containing the diet in an lmmobillzed state can be
achleved by the use of thlolated gelatin in concentra-
tions ranging upward from 1% by weight. Diets in the
gel form offer the distinct advantage of reduclng ex-
posure to alr oxidation and fragmentation in the state
of welghtlessness. In this form, they also readily
lend themselves to belng dehydrated into cubes to
accommodate the present technology devised to feed
astronauts in flight.

Most of the conventional oxidative crosslinking
agents routinely used with thiolated gelatin appear to
be unsuited for'use 1in dilet formulations owing to the
risk of oxldative destruction of diet ingredients. liow-
ever, 1t has been possible by the utilizatlon of the
D-glucose presently found 1n the diet formulations to
achieve the non-destructive oxidation via the use of
the enzyme D-glucose oxidase.

A glucose
gelatin-SH + glucose + O0p ————— gelatin-SS-gelatin &
oxldase
gluconic acid
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Finally, to sharpen analytical techniques Tor

. assaying aminoc acids, a simple rapid agssay method Tor
routinely determining the quantlty of D-isomer present
as contaminant in L-amino aclds has been developed.
In contrast to the Warburg technigque which involves
the use of expensive apparatus and 1s llmlted Ly Lhe
capacity of the instrument, the present technique
employs a simple Conway cell and has the accuracy of
the order of + 0.,02%. In the Warburg procedure
(Meister, Leventow, Kingsley and Greenstein, J.Blol,
Chem. ;%g, 535, 1951) measurement 1s made of the oxygen
consumed. In the present technique, however, a colori-
metric assay 1s made utilizing the ammonla liberated.
The method has been callbrated against both ammonium
salts and DIL-valine. The reaction in question may be
represented:

D-amino oxldase
D-amino acid + Op 7 HoOo + Aketo acld + NI
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A) Statement of Investigator Time and Cost:

. Cumulative
Investigator Hours Cost
Norman Rosenthal, Project Director 292.25  $1,996€.98
Ralph Shapiro, Senior Chemist 38.75 250,00
Support Chemists:

Joseph Burdige 119.50 455,87
Albert Seildner 241.00 41,02
Robert Braun 1.25 4,70
Joseph Garvey 20.25 5C.30
Vincent Reardon 3.50 ~ 57
Totals 716.50 $5, L0744

Statement of Total Costs:
Cumulative Estimated
Costs Completion
Incurred . Costs
Direct Labor $3,407.44 $49, 092, 50
Direct Materilals ﬁ,209.24 37,040.7¢
Other Direct Charges 575.30 377470
Overhead @ 100% Direct Labor 3,407, 44 49,092,504
Total Direct Costs $11,599.%42 $139,C00.20
G & A @ 15% Total Direct 1,739.91 20, 660 .0y
Total Costs & Expenses $13,339.33 $159,38060.¢7
Fee _T7i.01 9,228.9:
Grand Total Costs, $14,110.34 $158,889.7 %

Expenses & Fee

and costs in the amount
Costs incurred from

7/14/62 thru 10/3/62 which have been billed to NASA

Comments:

1. The above figures include time
of $1,136.64 for Anticipatory
on P.V. #1.

2.

12/31/62 ($14,110.34), 60.6% o
curred during the month of Dec

Of the total costs, expenses and fee charged thru

r $8,549.72 was in-
ember, indicating the

accelerating activity being imputed to this effort.




